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Abstract
Under the Plan for Accelerated and Sustained Development to End Poverty (PASDEP), implemented from 2005/06 to 2009/10, Ethiopia achieved rapid economic growth and laid a foundation for future growth by making substantial investments in infrastructure and human capital. The Growth and Transformation Plan (GTP) for 2010/11-2014/15, Ethiopia's new five year plan, sets even higher growth and investment targets. This paper analyzes these new GTP investment and growth targets using a Computer General Equilibrium (CGE) model of the Ethiopian economy to assess the implications of the plan on sectoral growth and household incomes.
The analysis of the GTP investment plan indicates that achieving its high growth targets will require rapid increases in total factor productivity and large-scale mobilization of domestic and foreign savings. The 4.9 percent annual Total Factor Productivity (TFP) growth needed to reproduce the high Gross Domestic Product (GDP) growth under PASDEP (2005/06 to 2009/10) or to continue this growth into the future is very high in comparison to those that have been achieved in other fast-growing economies such as India, China, and Indonesia. Achieving the GTP target GDP growth rates requires even higher TFP growth: by 5.8 and 7.6 percent per year respectively in the medium and high growth GTP scenarios. To some extent, some of this productivity growth could be achieved through reduced underemployment. Nonetheless, these results suggest that the projected GDP growth outcomes are very optimistic.
Meeting the financing requirements for the GTP will also be challenging given the large amount that needs to be mobilized, as compared to the low historical savings in Ethiopia. In the model simulations where the additional finance is mobilized from domestic sources, household savings rates increase from an average of 5.5 percent of total household income in 2014/15 in the base case to 12.5 percent of total household income in 2014/15 in the increased household savings / medium case scenario. Achieving this high rate of domestic savings would also require changes in macroeconomic policy, such as increases in tax rates or increases in interest rates to encourage private savings. If the additional finance is mobilized through increased foreign borrowing or transfers, foreign savings would need to increase from 47.7 billion birr in 2014/15 of the base case to 96.8 billion birr in 2014/15 of the medium case scenario in real terms (i.e. from 7.5 to 14.8 percent of GDP).
Regardless of the financing strategy, the high TFP and GDP growth rates under the GTP imply high average income growth for both poor and rich households, in both rural and urban areas. Because the GTP involves a greater concentration of investment in non-agricultural sectors than did PASDEP, growth of incomes of urban households is higher in the GTP than under PASDEP. Conversely, income growth of the rural poor is slightly lower under the medium growth scenario with domestic savings (10.0 percent) than under a continuation of PASDEP growth and investment (10.6 percent).
Thus, this analysis shows that if the GTP investment and sectoral growth targets are achieved, real incomes of the poor in Ethiopia would rise substantially. The base simulations indicate that real incomes of the poor rose under PASDEP from 2005/06 to 2010/11. Under GTP, this real income growth would be accelerated, provided there is sufficient foreign savings or mobilization of domestic savings to achieve the targets. Nonetheless, the simulations also suggest that agricultural growth will still be crucial for raising incomes of Ethiopia's rural poor. Thus, investments that raise agricultural productivity will need to continue in order to ensure that the rural poor share in the substantial projected benefits that would result from achieving the high economic growth targets of the GTP.
Introduction
Countries devise and implement medium term development plans to articulate a development strategy that will provide the guiding framework for implementation of policies. Accordingly, the Ethiopian government has been designing and implementing strategies and plans to manage the overall development of the country and achieve its key objective of broad-based, accelerated, and sustained economic growth so as to eradicate poverty. During the last development plan, the Plan for Accelerated and Sustained Development to End Poverty (PASDEP): 2005/06-2009/10, the country achieved remarkable economic and social development.
Based on its experience with implementation of PASDEP, the government has formulated the next five year plan, the Growth and Transformation Plan (GTP), for 2010/11-2014/15. The GTP is envisaged to sustain rapid and broad based economic growth and contribute to Ethiopia's goal of becoming a middle-income economy by 2020-2023. Economic growth and other development targets set in the GTP are even higher than those in PASDEP and earlier plans. Achieving these targets, however, will require very large productivity growth and huge amounts of financial resources anticipated to be sourced from increased domestic saving mobilization, foreign direct investment, and foreign borrowing.
Despite the huge resource requirements of the GTP, the government's Medium Term macroeconomic fiscal Framework (MTF) envisages modest spending and revenue growth during the same period: 2010/11-2014/15. Much of the development spending is planned to be "off-budget" (i.e. not included in the general government spending) through domestic and foreign resource mobilization of public development enterprises. The participation of the private sector in savings mobilization and investment is acknowledged to be important in the GTP, but the private sector's role in financing is not explicitly stated or quantified.
The basic objective of this study is to assess the implications of alternative financing options of the GTP. Using a computable general equilibrium (CGE) model of the Ethiopian economy, this study provides quantitative estimates of the impacts of planned GTP investments on various economic indicators, including overall GDP, real exchange rates, sectoral output, household income levels, and household expenditures. In particular, the study focuses on two major financing alternatives: increased domestic (household) savings and increased foreign savings (through foreign borrowing, foreign direct investment, or foreign grants).
Section 2 presents a brief overview of the implementation of the previous five year plan (PASDEP), examining both macro-economic indicators as well as investments in infrastructure designed to build a foundation for further economic growth. It also briefly introduces the GTP and the broad economic targets. Section 3 describes the CGE model and the data base used for the analysis (with details of the model equations included in an Appendix). Simulation results are discussed in Section 4. Section 5 contains the summary and conclusions.
Ethiopia's development plans
Since the first Structural Adjustment Program (SAP) of Ethiopia (1993 Ethiopia ( -1996 , the Ethiopian Government has implemented various development plans designed to promote broad-based and equitable economic growth and to eradicate poverty. The development plan for 2005/06-2009/10, the Plan for Accelerated and Sustained Development to End Poverty (PASDEP), was aimed at achieving all the Millennium Development Goal (MDG) targets and the government's vision for Ethiopia's development.
PASDEP
In PASDEP, two alternative economic growth scenarios were considered. In the base case scenario, an average economic growth rate of 7 percent per annum was considered necessary to achieve the MDGs. For the high case scenario, which aimed beyond achieving MDG's targets, a 10 percent annual average economic growth target was set.
During the time of PASDEP's implementation, substantial economic growth and significant progress on social and human development were achieved. Annual average GDP growth is estimated at 11 percent (MOFED 2010) which exceeded both the base case and high growth scenarios set in PASDEP (Table 2 .1). Specifically, average annual growth rates in the agricultural and services sectors (8.4 percent and 14.6 percent, respectively) exceeded plan targets. However, growth in the industrial sector, though substantial (10.0 percent per year), fell short of both the base case (11.0 percent growth) and high case (18.0 percent growth) targets. Unlike the UN System of National Accounts, which defines savings as income net of consumption (income -consumption), domestic savings in PASDEP and GTP is defined as domestic product net of consumption (GDP -consumption). As a net recipient of transfers from the rest of the world, Ethiopia's savings rate is therefore underestimated in PASDEP and GTP by the amount equivalent to the net income and current transfers residents receive from the rest of the world. The public and private investments during the five years of PASDEP resulted in substantial increases in physical infrastructure and human capital that have laid a foundation for further growth and poverty reduction. Road and telecommunications infrastructure have increased dramatically, greatly increasing the proportion of Ethiopia's population with access to urban markets and services.
In 1984, only about 6 million people in Ethiopia (12 percent of the population) were within 3 hours travel time to an urban center (agglomeration) with a population of at least 50 thousand (Figure 2 .1). By 1997 this figure had doubled to about 12 million people. In 2007, this figure had reached 38 million people (over half of Ethiopia's population) because of major investments in roads and to a lesser extent, increased rural-urban migration. These investments also reduced remoteness: the number of people who lived more than 10 hours from an urban center of more than 50,000 people fell from 40 percent in 1984 to only 12 percent in 2007 (Figure 2 .2). Likewise, the percentage of people who lived more than 5 hours from a major urban center fell from 66 percent in 1994 to 38 percent in 2007, a level similar to that in Mozambique, though still about double the rate in densely populated (and more urbanized) Nigeria. Finally, investments in education have resulted in major increases in primary school enrollment, with potential long term effects on household welfare and labor productivity. As shown in Table 2 .4, in 1991 only 21.9 percent of Ethiopian primary school-aged children were enrolled in primary school (and only 18.8 percent of girls). By 2000, net primary school enrollment had almost doubled to 38.4 percent (32.5 percent for girls), and by 2007, these figures reached 71.4 percent for all children and 68.5 percent for girls. While net primary school enrollment in Ethiopia still lags behind that of most other eastern and southern African countries (an important exception is Sudan), the gap between Ethiopia and these countries has narrowed significantly. 
The Growth and Transformation Plan (GTP)
The government has formulated the five year Growth and Transformation Plan (GTP) (2010/11-2014/15 ) to carry forward the important strategic directions pursued in the PASDEP. In addition to achieving the MDGs in the social sector and establishing suitable conditions for sustainable nation building, the GTP has a major objective of maintaining at least an average real GDP growth rate of 11 percent. By sustaining economic growth throughout the five year plan period, the government aims to achieve the MDG targets by 2015 and its longer term vision of being a middle income country by 2020-2023.
GTP is unique in comparison to past development plans of the country due to its high economic growth and other development targets. Following MOFED, two growth scenarios are considered in the GTP: medium growth and high growth. Under the medium growth case scenario, Ethiopia's economy is projected to grow at a rate attained during PASDEP (11.2 percent), as shown in Table 2 .5. All MDG targets will be met under this scenario. Under the high growth scenario, an annual average GDP growth rate of 14.9 percent is targeted (see Table 2 .6). The basic assumption for the high growth scenario is the doubling of agricultural value added, by scaling up the productivity of farmers to the productivity levels of existing best or model farmers (MOFED 2010) . The GDP growth in the high growth scenario is thus significantly different from the growth in the medium growth scenario due to the large growth difference in the agriculture sector. The growth targets in the industry and service sectors in the high growth scenario are only slightly higher than in the medium growth case. According to the GTP, all the country's development policies and strategies are geared towards the main development agenda of poverty eradication. The GDP growth in the plan is expected to help create employment and raise income, contributing to poverty eradication. Poverty oriented government expenditure as a percentage of GDP are also set to grow from 12.3 percent in 2009/10 to 17.3 percent at the end of the plan period. Accordingly, the GTP aims to achieve a reduction of poverty from the estimated level of 29. While sectoral and overall GDP growth outcomes as well as expenditure components of GDP in the GTP are projected in two scenarios, the rest of the social and infrastructural development outcomes and the government's fiscal operations are projected only in one (base-case) scenario. For achieving the objectives stated in the GTP, allocation of finances has been planned based on the Medium Term macroeconomic fiscal Framework (MTF).
According to the MTF, domestic revenue mobilization is to be boosted with the full implementation of the on-going tax reform, improvement in efficiency of tax administration, and broadening the tax base in line with the economic growth. As a result, tax collection as a percent of GDP is expected to rise from 11.3 percent in 2009/10 to 15 percent in 2014/15, as shown in the following table. Source: MOFED (2010) Government expenditure during the GTP is planned to prioritize the financing of ongoing projects and investments in pro-poor 3 sectors, is expected to be based on the growth prospects of the country in the coming years, and is aimed at maintaining the deficit at a sustainable level. As a result, the average government deficit in the GTP is planned to be only 2.3 percent of GDP, of which one third is to be covered by external borrowing (Table 2.8). 
Methodology
CGE modeling is clearly an appropriate methodology to approach this problem, as it allows capturing the most relevant interactions in the economic system and, in particular, reflecting the effects of the different savings mechanisms under study on different parts of the economic system. Also, by representing the workings of the economy in a structural way, CGE modeling allows for an explicit reflection on the main transmission channels at work in the repercussion of the effects of these saving mechanisms.
The model used in this study is a recursive dynamic extension of the standard CGE model of the International Food Policy Research Institute (IFPRI), documented in Diao et al. (2011) . This kind of dynamic model is based on the assumption that the behavior of economic agents (private and public) is characterized by adaptive expectations: economic agents make their decisions on the basis of past experiences and current conditions, with no role for forward-looking expectations about the future (Lofgren, Harris, and Robinson 2001) . This is an alternative that captures developing countries' reality better than inter-temporal dynamic models that can be explained by economic agents who have forward looking (rational) expectations and make inter-temporally optimal decisions, in which everybody knows everything about the future, and they use that information in making decisions.
The model is solved recursively-one period at a time. Since a recursive model is a series of static CGE models that are linked between periods, the equations in this model are separated into a within-period module, which presents the decisions in each time period, and a between-period module, which governs the dynamics of the model.
The static (within-period) model
This part defines a single period static CGE model. The model assumes that producers maximize profits subject to production functions. In this model a multi-stage production technology is adopted. At the top level, value added and intermediate inputs are combined via a Constant Elasticity of Substitution (CES) production technology to produce gross output. Factors of production are substitutable, via the use of constant elasticity of substitution (CES) functions. On the other hand, the intermediate inputs are aggregated in a fixed proportion-Leontief specification.
The domestic output of each commodity is either domestically used or exported. Profit maximization drives producers to sell their products in domestic or foreign markets based on the potential returns. It is assumed that commodities sold domestically can only imperfectly be transformed into exportable commodities, via the use of constant elasticity of transformation (CET) functions. In an analogous way, the model incorporates imperfect substitutability between domestically produced and imported goods (i.e. Armington assumption).
Domestic demand is the total sum of final consumption demands by households and government, and investment demand, intermediate consumption demands by activities and transaction services demand. Households' consumption demand is given by a linear expenditure system (LES), derived from maximization of a Stone Geary utility function. The model assumes households maximize utility subject to budget constraints.
The common assumption here is that the economy observed is in general equilibrium. Equilibrium in the goods market is attained through the endogenous interaction of relative prices. In order to clear the factor market, skilled labor and capital are set to be fully employed and activity-specific, implying that sector-specific returns to these factors adjust to guarantee market clearing. Semi-skilled and un-skilled workers have a fixed wage, and their employment levels are determined by the producers' demand for them. Factor land is assumed to have a flexible rent with a certain distortion by sector, which makes it fully employed and mobile across sectors.
The model includes three macroeconomic balances: the current account balance, the government balance, and the savings and investment balance. The current account balance is held constant by assuming flexible exchange rate at a fixed level of foreign savings (fixed in foreign currency). There is an implicit functional relationship between the real exchange rate and the trade balance.
In the government account, the level of government expenditure, equal to consumption and transfers, is fixed in real terms while government revenue is determined by fixed direct and indirect tax rates. Government savings is determined residually as the gap between revenue and expenditure. This closure is chosen since it is assumed that changes in direct and indirect tax rates, as well as in government expenditure, are exogenously determined based on the economic policy.
The macro closure applied for the saving-investment balance is the savings-driven investment closure in which the value of investment is determined by the value of savings, making the simulations possible. Fixed savings rates for all non-governmental institutions and flexible capital formation are specified so that all savings are channeled into investment.
It should be noted that the model designed in this paper can only solve for the relative prices and the real variables of the economy. To achieve this and anchor the absolute price level, a normalization rule has been applied. The consumer price index (CPI) is chosen as the numéraire, so all changes in nominal prices and incomes in simulations are relative to the weighted unit price of households' initial consumption bundle (i.e a fixed CPI). The model is also homogenous of degree zero in prices. In macro terminology, the model displays neutrality of money.
Specification of the dynamic model
In every period the capital stock is updated with the total amount of new investment and depreciation. New capital is distributed among sectors based on each sector's initial share of aggregate capital income. Total labor supply is updated by the population growth rate, i.e. as population grows, the total labor supply increases at the same rate. 
Simulation specification and results
The GTP has set an ambitious investment plan and proposed ways of financing it, though details of the amount of financing from residents and non-residents are not specified. In this study, two options are considered as a means to ensure sufficient finances for investment targets: increased domestic households saving rates and increased foreign savings (through foreign loans, transfers from non-residents, or foreign direct investment).
Simulation assumptions
The analysis consists of five simulations. . In all the GTP related simulations, other parameters, apart from the ones used in the specific simulations, are growing at either a fixed trend rate or as indicated in the GTP. Thus, the GTP simulations differ from the BASE one in terms of the assumptions in growth rates of total factor productivity (TFP), the changes in production that cannot be explained in terms of changes in factor supplies 4 , government expenditure, tax rates, and the simulation-specific household savings rates or foreign savings growth rate. For all simulations, annual labor supply is assumed to grow at an average rate of 2.3 percent per year while agricultural land area is set to grow at 2.8 percent per annum based on the recent trend in agricultural land expansion. The tax rate as a percent of GDP is assumed to grow at 3.0 percent in the BASE, and at 7.5 percent in the GTP scenarios. In each simulation, total factor productivity of each activity is adjusted to approximate the GTP overall targets for sectoral (agriculture, industry, and services) growth rates.
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If foreign savings continue growing at the historical trend rate, in order to finance the investment requirement of the GTP, the average household savings rate needs to grow by an average 21.8 percent and 31.1 percent in the medium and high case scenarios, respectively. This means households' marginal propensity to save need to reach 12.5 percent in 2014/15 in the medium case scenario from an average of 5.5 percent in 2014/15 in the base case, to generate sufficient household savings. This is an ambitious target since savings rates in excess of 10 percent are rare. Over the 1990-2008 period, Belgium and Russia achieved average savings rates of 12.5 percent and Italy's savings rate was 13.6 percent. More common are savings rates in the range of 4 to 6 percent, as in the Czech Republic, Slovak Republic, Korea, and the United States (OECD Factbook 2010). Currently, the real interest rate on domestic deposits is negative. To achieve the desired increase in savings, it would require a macroeconomic policy with proper incentives to encourage savings, such as allowing positive real interest rates on bank deposits. Alternatively, if there is no adjustment in households' propensity to save relative to past trends, foreign savings need to increase by 22 percent and 31 percent to meet the investment requirements in the medium and high scenarios of the GTP, respectively (Table 4 .1). Over the five years of PASDEP, growth rates in value added (overall GDP) were very high, in spite of relatively modest increases in factor supplies. This implies a very high TFP growth rate-equal to 4.9 percent per year in the model simulation of 2005/06-2009/10 used to update the SAM. This TFP growth rate is in fact very high by historical standards, for example, exceeding the annual TFP growth rates of China (4.1 percent), India (2.8 percent) and Indonesia (1.6 percent) over the 1990 to 2008 period (Table 4 .2). 6 To achieve the GDP growth rates under medium and high growth GTP scenarios requires even higher average TFP growth rates of 5.8 percent and 7.6 percent respectively (Table 4 .1). These very high TFP growth rates suggest that it may be very difficult to achieve the plan's growth targets even if levels of financing and investment are forthcoming. However, to some extent, calculated TFP growth rates for Ethiopia may not be strictly comparable to those of developed countries due to methodological differences in the calculation. In essence, TFP growth is calculated as the difference between growth in value added minus the growth due to changes in labor, capital, and land inputs. In developed countries, growth in labor inputs is calculated using labor input measured in hours or days, and as hours or days worked per worker rise during periods of rapid growth, this increase in labor input is automatically taken into account in TFP calculations. However, for Ethiopia and most developing countries, economy-wide estimates of labor input are only available in person-years with no adjustment for changes in the amount of time a worker works per year. To the extent that Ethiopia's recent rapid economic growth is due to lower underemployment, actual hours and days worked would rise faster than the number of workers, and as a result, true TFP growth will be overstated.
Implications of GTP growth scenarios
By construction of the simulations (setting total factor productivity growth to meet the medium and high growth scenario GDP growth targets), there is essentially no difference in real GDP growth according to the source of financing. Increasing household savings rates, however, results in significantly lower consumption growth-for example, 9.4 percent in the medium growth accelerated domestic savings scenario (MAD) as compared to 11.5 percent in the medium growth accelerated foreign savings (MAF) scenario (Table 4. 3). Indeed, private consumption in the former is effectively no different from the baseline case. The other major macro-economic difference between simulations of increased foreign savings versus increased domestic savings rates, is that increased foreign savings leads to a real exchange rate appreciation as the increased financial resources make increased spending on nontradable goods and services (which results in a rise in their price) possible, while the increased spending on tradable goods and services leads to a reduction in exports and an increase in imports. In the medium growth accelerated foreign savings scenario (MAF), the real exchange rate appreciates by 3.5 percent, 2.1 percentage points more than in the medium growth accelerated domestic savings scenario (MAD). Likewise, export growth is considerably slowed: 16.9 percent with accelerated foreign savings (MAF), compared with 22.5 percent with accelerated domestic savings (MAD). Government savings are higher in the high growth scenario than in the medium growth scenario under both financing options. As expected, given a similar growth in government spending in both GTP scenarios, with slower productivity growth, income growth and government revenue growth are less and thus government savings fall over time; with faster productivity growth, however, tax revenues rise and government savings increase. Despite higher government savings in the high growth scenarios, the large investment demand still requires additional financing from household or foreign savings.
Returns for all the factors increase significantly in all the scenarios, with generally higher returns when the investment is financed through foreign savings than through increased household savings (Table 4 .4), since in the former scenarios the rise in the output price of non-tradable goods generally increases the incomes of labor, land, and capital in these sectors. In the base case, which broadly replicates the economic growth path achieved under PASDEP with relatively high agricultural growth, the average annual growth rates of income of agricultural labor (10.4 percent), land (12.3 percent), and livestock (14.3 percent) rise faster than incomes of skilled labor (9.2 percent) and capital (9.3 percent). Under the GTP scenarios involving greater investment and TFP growth in non-agricultural sectors, however, incomes of skilled labor and capital rise faster than agricultural or rural sectors (except livestock). (Table 4 .5). Overall, higher household income growth is achieved with increased foreign saving inflows (as compared to increased domestic savings) because these inflows increase total resources in the economy. It should be noted that household consumption also rises more with increased foreign savings than domestic savings. However, if the foreign savings are in the form of loans that are to be repaid, then the consumption growth will be temporary. Therefore, household income is chosen as the preferred indicator for the more permanent gains from increased foreign savings. Note that if the economy continues with its performance as in the PASDEP period, income of rural households would increase faster than that of urban households (Figure 4 .1). In particular, in this scenario (BASE), income growth is lowest for both the urban poor and nonpoor and highest for the rural poor. Under the GTP, however, incomes of the non-poor increase faster than incomes of the poor under both financing options. This result is largely because of the high returns to capital and skilled labor under the GTP that accrue mainly to non-poor households. Comparing across financing options, rural domestic incomes rise less in the increased household savings scenario since household spending on agricultural products is reduced (relative to the increased foreign savings scenarios). On the other hand, urban household incomes rise less in the increased foreign savings scenario than in the increased household savings scenario because the real exchange rate appreciation in the former scenario makes domestic production of import substitute industrial products less profitable, thereby reducing earnings of skilled labor and capital.
Household total expenditure increases significantly in all household groups, in all simulations and financing alternatives (Table 4 .6). Total expenditures of the urban non-poor grows the fastest in the medium growth scenario of the GTP, as a result of faster growth in the industry sector compared to the other sectors. In the high growth scenario of the GTP on the other hand, expenditure of the rural non-poor grows more or less the fastest due to faster growth in agriculture. The rate of increase in household consumption significantly differs between the financing options. As expected, the rate of increase in total household expenditure under the domestic saving option is lower in all household groups than under the foreign financing alternative, as households are supposed to save more, at the expense of consumption. The poor are spending even less than they would be able to with the continuation of the economic performance during the PASDEP. Financing the investment through increased foreign savings allows each of the domestic household groups to increase their consumption level at a higher rate. This may seem to suggest that increasing foreign savings is a better alternative but, in reality, it simply reflects that the analysis that we are conducting ignores the accumulation of assets by the actors in the model: if foreign savings consist of foreign direct investment or foreign borrowing, they will tend to reduce the share of output that is available to Ethiopian residents.
The analysis shows that regardless of the financing strategy, there will be high income growth for poor and rich alike under the GTP. Urban households will enjoy larger income increases than rural households. Further, unskilled labor and agricultural labor will not fare any better under the medium growth scenarios than under the baseline without the GTP (except for a slight improvement for unskilled labor under the MAF scenario). Consequently, the rural poor will have lower average income growth rates under MAD (10.0 percent) than under the baseline (10.6 percent).
Summary and conclusions
The Growth and Transformation Plan has set higher growth and investment targets than those of any of Ethiopia's earlier national plans and its implementation requires faster growth in total factor productivity and mobilization of huge savings both from domestic and foreign sources. The 4.9 percent annual TFP growth needed to reproduce the high GDP growth under PASDEP (2005/06 to 2009/10) or to continue this growth into the future is very high as compared to those that other fast-growing economies such as India, China or Indonesia have been able to achieve. Achieving the GTP target GDP growth rates requires even higher TFP growth: by 5.8 and 7.6 percent per year in the medium and high growth GTP scenarios, respectively. To some extent, some of this productivity growth could be achieved through reduced underemployment. Nonetheless, it is not clear how these high TFP growth rates can be achieved, suggesting that the projected GDP growth outcomes are very optimistic.
Meeting the financing requirements for the GTP will also be challenging given the large amount that needs to be mobilized, as compared to the low historical savings in Ethiopia. In the model simulations where the additional finance is mobilized from domestic sources, households' savings rates increase from an average of 5.5 percent of total household income in 2014/15 in the base case to 12.5 percent of total household income in 2014/15 in the increased household savings/medium case scenario. Achieving this high rate of domestic savings would also require changes in macroeconomic policy, such as increases in tax rates or increases in interest rates to encourage private savings. If the additional finance is mobilized through increased foreign borrowing/transfers, foreign savings would need to increase from 47.7 billion birr in 2014/15 of the base case to 96.8 billion birr in 2014/15 of the medium case in real terms (i.e. from 7.5 percent to 14.8 percent of GDP).
Results from the simulations on financing options also show that private consumption is lower when the GTP is financed through increases in household savings as compared to financing through increased foreign savings. However, although considerable increment in exports and imports were observed in both of the GTP related simulations, growth in exports is lower under the increased foreign savings scenarios due to an appreciation of the real exchange rate relative to the increased household savings scenarios.
Regardless of the financing strategy, the high total factor productivity and GDP growth rates under the GTP imply high average income growth for both poor and rich households, in both rural and urban areas. Because the GTP involves a greater concentration of investment in non-agricultural sectors than did PASDEP, growth of incomes of urban households is higher in the GTP than under PASDEP. Conversely, income growth of the rural poor is slightly lower under the medium growth scenario with domestic savings (10.0 percent) than under a continuation of PASDEP growth and investment (10.6 percent).
It should be noted that the results presented here do not take into consideration possible additional migration of labor from rural to urban areas arising from faster growing urban incomes, or possible positive agglomeration effects on total factor productivity from growth in urban centers. Including these factors would raise the incomes of urban households relative to rural households and raise total GDP, but would not reverse the general result that investments in agriculture reduce poverty faster than investments in non-agriculture (Dorosh and Thurlow 2011) .
Thus, this analysis shows that if the GTP investment and sectoral growth targets are achieved, real incomes of the poor in Ethiopia would rise substantially. The base simulations indicate that real incomes of the poor rose under PASDEP from 2005/06 to 2010/11 and that these incomes would also rise if PASDEP growth continued. Under GTP, this real income growth would be accelerated, provided there is sufficient foreign savings or mobilization of domestic savings to achieve the targets. Nonetheless, the simulations also suggest that agricultural growth will still be crucial for raising incomes of Ethiopia's rural poor. Thus, investments that raise agricultural productivity will need to continue in order to ensure that the rural poor share in the substantial projected benefits that would result from achieving the high economic growth targets of the GTP. Most workers in the model can migrate between regions and sectors. These workers are disaggregated according to occupational categories (i.e. administrators, professional, skilled, and unskilled). Agricultural family labor is region-specific but mobile across agricultural subsectors. Both agricultural and nonagricultural capital investments move freely across regions and within the broad non-agriculture sector. The accumulation of capital is through investment financed by domestic savings and foreign inflows. Increased capital is allocated across sectors and regions according to their relative profitability. Once invested, capital becomes sector-specific and can only by adjusted through exogenously-determined depreciation and the attraction of new investments. Incomes from employment accrue to households according to employment and wage data from the household survey. This detailed specification of production and factor markets in the model allows it to capture the changing scale and technology of production across sectors and sub-national regions, and therefore, how changes in the economic structure of growth influence its distribution of incomes.
Appendix
The model captures production linkages by explicitly defining a set of nested constant elasticity of substitution (CES) production functions allowing producers to generate demand for both factors and intermediates. The CGE model also captures forward and backward production linkages between sectors. Import competition and export opportunities are modeled by allowing producers and consumers to shift between domestic and foreign markets depending on changes in the relative prices of imports, exports, and domestic goods. More specifically, the decision of producers to supply domestic or foreign markets is governed by a constant elasticity of transformation (CET) function, while substitution possibilities exist between imports and domestically supplied goods under a CES Armington specification. In this way the model captures how import-competition and the changing export opportunities of agriculture and industry can strengthen or weaken the linkages between growth and poverty.
Incomes from production, trade, and employment accrue to different households according to employment and wage data from the household survey. As with production, households are defined at the regional level, and within each region, by rural and urban areas and poor/non-poor categories. Poverty is defined as the bottom two per capita expenditure quintiles. Income and expenditure patterns vary considerably across these household groups. These differences are important for distributional change, since incomes generated by agricultural growth accrue to different households depending on their location and factor endowments. Each representative household in the model is an aggregation of a group of households in the household survey. Households in the model receive income through the employment of their factors in both agricultural and nonagricultural production, and then pay taxes, save, and make transfers to other households. The disposable income of a representative household is allocated to commodity consumption derived from a StoneGeary utility function (i.e. a linear expenditure system of demand).
The model makes a number of assumptions about how the economy maintains macroeconomic balance. These closure rules concern the foreign or current account, the government or public sector account, and the savings-investment account. For the current account, a flexible exchange rate maintains a fixed level of foreign savings. This assumption implies that the country cannot simply increase foreign debt but has to generate export earnings in order to pay for imported goods and services. While this assumption realistically limits the degree of import competition in the domestic market, it also underlines the importance of the agricultural and industrial export sectors. For the government account, tax rates and real consumption expenditure are exogenously determined, leaving the fiscal deficit to adjust to ensure that public expenditures equal receipts. For the savings-investment account, real investment adjusts to changes in savings (i.e. savings-driven investment). These two assumptions allow the models to capture the effects of growth on the level of public investment and the crowding-out effect from changes in government revenues.
Finally, the CGE model is recursive dynamic, which means that some exogenous stock variables in the models are updated each period based on inter-temporal behavior and results from previous periods. The model is run over the period 2005-2015, with each equilibrium period representing a single year. The model also exogenously captures demographic and technological change, including population, labor supply, human capital, and factor-specific productivity. Capital accumulation occurs through endogenous linkages with previous-period investment. Although the allocation of newly invested capital is influenced by each sector's initial share of gross operating surplus, the final allocation depends on depreciation and sector profit-rate differentials. Sectors with above-average returns in the previous period receive a larger share of the new capital stock in the current period.
In summary, the CGE model incorporates distributional change by (1) disaggregating growth across sub-national regions and sectors; (2) capturing income-effects through factor markets and price-effects through commodity markets; and (3) translating these two effects onto each household in the survey according to its unique factor endowment and income and expenditure patterns. The structure of the growth-poverty relationship is therefore defined explicitly ex ante based on observed country-specific structures and behavior. This allows the model to capture the poverty and distributional changes associated with agricultural growth. 
